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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57) Abstract: 

PURPOSE: To obtain electro-optical characteristics of the distinct 
threshold and sufficiently fast optical response characteristics and to 
enable low voltage driving by approximately paralleling liquid crystal 
molecules near a substrate boundary to substrates and forming the liquid 
crystal molecules into a specific spiral structure. 
CONSTITUTION: Liquid crystals 4 are held between a rear surface 
substrate 18 and a front surface substrate 19. These liquid crystals 4 
attain an AWT mode which is a WT mode and in which the liquid crystal 
molecules 4a at the boundary part between both substrates 18 and 19 are 
oriented nearly parallel with the substrate surfaces. Multi chromatic 
dyestuff and the cholesteric liquid crystals or chiral agents as 
optically active materials are incorporated into the liquid crystals 4 
and the liquid crystal molecules 4a have the spiral structure provided 



with spiral axis in the cell thickness direction by the optically active 
materials. Further, the ratio of the natural pitch ( p 0) of the spiral 
structure generated by the optically active materials and the cell 
thickness (d) satisfies the relation (2 0 - tt ) /4 ti <d/ p 0< 9 /2 ti where the 
twist angle of spiral structure is 6 [rad]. The twist angle 6 [rad] of 
the spiral structure is in a range of 2 tc < 0 <5 tc /2. . 
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CLAIMS 



[Claim(s)] 

[Claim 1] One of these is equipped with the liquid crystal layer pinched 
between the substrate of a transparent pair, and the substrate of this 
pair at least. This liquid crystal layer It consists of liquid crystal 
which has a forward dielectric constant anisotropy. This liquid crystal 
The major axes of the liquid crystal molecule near a substrate interface 
are abbreviation parallel to this substrate, and the cholesteric liquid 
crystal or the chiral agent as polychroism coloring matter and an 
optically active substance is mixed into this liquid crystal. It is what 
has the spiral structure to which a liquid crystal molecule has a screw 



axis in the direction of eel thickness with this optically active 
substance. The natural pitch (pO) of spiral structure and the ratio of 
eel thickness (d) which are produced with this optically active 
substance The liquid crystal display whose torsion angle [ of this 
spiral structure ] theta [rad] the relational expression (2 theta-pi) / 
4 pi<d/p 0 <=theta/2pi which sets angle of torsion of this spiral 
structure to theta [rad] are filled, and is the value of the range of 2 
pi<=theta <=5pi/2. 

[Claim 2] One of these is equipped with the liquid crystal layer pinched 
between the substrate of a transparent pair, and the substrate of this 
pair at least. One side of the substrate of this pair It has the active 
component driven so that optical shutter actuation according this liquid 
crystal layer to this may take place. This liquid crystal layer It 
consists of liquid crystal which has a forward dielectric constant 
anisotropy. This liquid crystal The major axes of the liquid crystal 
molecule near a substrate interface are abbreviation parallel to this 
substrate, and the cholesteric liquid crystal or the chiral agent as 
polychroism coloring matter and an optically active substance is mixed 
into this liquid crystal. It is what has the spiral structure to which a 
liquid crystal molecule has a screw axis in the direction of eel 
thickness with this optically active substance. The natural pitch (pO) 
of spiral structure and the ratio of eel thickness (d) which are 
produced with this optically active substance The liquid crystal display 
whose torsion angle [ of this spiral structure ] theta [rad] the 
relational expression (2 theta-pi) / 4 pi<d/p 0 <=theta/2pi which sets 
angle of torsion of this spiral structure to theta [rad] are filled, and 
is the value of the range of 2 pi<=theta <=5pi/2. 

[Claim 3] It is the liquid crystal display according to claim 2 this 
whose nonlinear device said active component consists of a nonlinear 
device, and is MIM, diode, a varistor, or TFT. 

[Claim 4] It is the liquid crystal display according to claim 1 or 2 
which one side of the substrate of said pair has the reflective pixel 
electrode prepared so that said liquid crystal layer might be touched, 
and consists of an insulator layer which has the concavo-convex shape of 
surface type by which this reflective pixel electrode was formed in this 
substrate front face, and metallic reflection film formed so that the 
shape of the toothing might be reflected on this insulator layer. 
[Claim 5] Torsion angle theta of said spiral structure is a liquid 
crystal display according to claim 1 or 2 which are about 9pi/4. 
[Claim 6] The substrate of said pair is a liquid crystal display 
according to claim 1 or 2 which has the orientation film constituted so 



that the pre tilt angle of the liquid crystal molecule which constitutes 
said liquid crystal layer might serve as range which is 5 degrees - 20 
degrees. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to 
improvement in low-voltage-izing of driver voltage, optical 
responsibility, and contrast about a liquid crystal display. 
[0002] 

[Description of the Prior Art] Since a reflective mold liquid crystal 
display uses an ambient light as the light source, it is the device [ a 
back light is unnecessary and ] which can employ the advantage of liquid 
crystal called a light weight, a thin shape, and a low power in the 
maximum efficiently, but on the other hand since it used the ambient 
light, when a limitation is in the brightness of the display screen and 
a polarizing plate, a color filter, etc. are used, it has the problem 
that display brightness falls considerably and serves as a dark display. 
[0003] As a measure for this problem, from the former, retardation is 
optimized, and the use number of sheets of a polarizing plate is 
lessened as much as possible, for example, the method of using the 
guest-host (it being called below Guest-Host GH. ) mode which considered 
as the reflective mold STN (super twisted-nematic) method using one 
polarizing plate, or mixed polychroism coloring matter into liquid 
crystal is taken. 

[0004] Especially, since a polarizing plate is not used for the liquid 
crystal in the phase transition mold GH mode (it is called alias name 
White-Taylor mold Guest-Host, and WT mode is called below.) in which the 
phase transition between a pneumatic liquid crystal and cholesteric 
liquid crystal was used at all, a very bright display is obtained 
compared with the liquid crystal using others and the mode. 
[0005] When perpendicular orientation of the liquid crystal molecule on 
the front face of a substrate is carried out, the whorl pitch of a 
cholesteric layer of the liquid crystal in this WH mode is also small, 
eel thickness is set to d and it specifically sets a spiral pitch to p, 
it is d/p>2. Hereafter, WT mode in which the liquid crystal molecule of 



a substrate interface carried out perpendicular orientation is written 
as HWT (homeotropic WT) mode. 

[0006] Drawing 3 (a) shows the electrical-potential-difference- 
perraeability property in this HWT mode, and drawing 13 (a) - (c) makes 
the orientation condition in this HWT mode correspond to the applied- 
voltage range A, B, and C of drawing 3 (a), and shows it, respectively. 
That is, an orientation condition in case an orientation condition 
(initial orientation) in case drawing 13 (a) has applied voltage in the 
range A of drawing 3 (a), and drawing 13 (b) have applied voltage in the 
range B of drawing 3 (a), and drawing 13 (c) show the orientation 
condition in case applied voltage is in the range C of drawing 3 (a). In 
addition, if a liquid crystal molecule and polychroism coloring matter 
are distinguished, it does not break by drawing 13 (a) - (c), but the 
orientation condition of both whole mixture is shown. 
[0007] Moreover, the thing of an indication is in JP, 3-41420, A as 
reflective pixel electrode structure using 2 terminal component used in 
such a reflective mold liquid crystal display on the other hand, a metal 
membrane is formed by vacuum evaporationo on a flat interlayer 
insulation film, and the approach of etching the front face of this 
metal membrane and producing a reflective pixel electrode is shown in 
this official report. 
[0008] 

[Problem (s) to be Solved by the Invention] By the way, orientation 
control is carried out so that the screw axis with which the molecule of 
the middle class (bulk) of a liquid crystal layer takes the liquid 
crystal molecule which is going to carry out perpendicular orientation 
from the first in spiral structure by mixing an optically active 
substance in the case of HWT mode may become an abbreviation 
perpendicular to a substrate. 

[0009] if an electrical potential difference is impressed to the liquid 
crystal cell in this HWT mode, an orientation condition should pass a 
dispersion condition (refer to drawing 13 (b)) to be shown in drawing 13 
(a) - (c) — orientation change is caused. For this reason, as threshold 
voltage is indefinite and it is moreover shown in drawing 3 (a), a low 
electrical potential difference will show a dispersion condition over 
the large electrical-potential-difference range B. 
[0010] Thus, initial orientation collapses easily with a minute 
electrical potential difference, increase of the dynamic range (width of 
face of a signal level) of a signal level is caused for increase of the 
drive signal level which originates in changing to a dispersion 
condition, or carrying out smallness of the spiral pitch so that optical 



protection-from-light nature may become high, and is produced, and the 
following problems arise. 

[0011] (l) It will be necessary to use the high thin film transistor 
(for Following TFT to be called.) of component pressure-proofing, and, 
in a matrix drive, the 1st will have the fault that it will not be 
desirable from the field of driver voltage, and the cost of the display 
itself will go up by high-pressure-ization of a signal level. 
[0012] (2) With advantageous 2 terminal component in cost, it is 
difficult for the 2nd to set to 0 [V] the signal level impressed to 
liquid crystal in the state of off, and some electrical potential 
differences are impressed to it. Therefore, when the large HWT mode of a 
dynamic range is combined with 2 terminal component, it is difficult to 
obtain the liquid crystal display which has a good display property with 
such combination by the orientation condition of liquid crystal being in 
a dispersion condition also in the state of off. 

[0013] (3) In HWT mode, since initial orientation collapses easily with 
a minute electrical potential difference in the 3rd, in case liquid 
crystal is driven by TFT, impress a fixed electrical potential 
difference to liquid crystal from the electrode by the side of the 
opposite substrate which does not attach an active component, and it 
becomes impossible to low-power drive [ of making the dynamic range of a 
signal level small ] the 3rd. 

[0014] Therefore, it was unrealizable to apply switching elements, such 
as TFT and 2 terminal component, to the conventional HWT mold liquid 
crystal display mode as they are, and it had the problem that various 
conditions, such as a tilt angle in liquid crystal mode and a ratio 
(d/p) of eel thickness and a spiral pitch, had to be optimized. 
[0015] Moreover, as shown in drawing 16 (b), the good display without 
parallax is obtained by forming the light reflex layer 5 on glass 
substrate lb as a reflecting plate, so that the liquid crystal layer 4 
may be touched. In addition, among drawing 16 , la is the glass 
substrate with which the ITO film 2 was formed, and is pinching the 
liquid crystal layer 4 with glass substrate lb which counters this. 
Moreover, 27 is an optical path which carries out outgoing radiation 
from the light source 2, reflects in the above-mentioned light reflex 
layer 5, and results in a watcher 6. 

[0016] Here as a property for which this light reflex layer 5 is asked 
(1) It has [ having a certain amount of dispersion property, ] a certain 
amount of directivity in (2) light-reflex property, (3) If the height of 
the heights (not shown) of a light reflex layer front face, magnitude, 
and a pitch are arranged, since the light reflected by adjoining heights 



will interfere and coloring will take place, making it random so that 
coloring may not produce the height of heights, magnitude, and a pitch 
is mentioned. 

[0017] As the shape of surface type of the light reflex layer with which 
are satisfied of the above-mentioned conditions, the diameter or major 
axis of the heights at the bottom is the circle or ellipse of 3-50 [mum], 
spacing with adjoining heights is more than 1 [mum], and that in which 
the heights of the above-mentioned configuration exist at random further 
is effective. 

[0018] Moreover, although the shape of toothing of this interface serves 
as unevenness of the eel thickness of a liquid crystal layer since a 
part for concave heights is formed in that interface for a light reflex 
layer in contact with a liquid crystal layer about the dimension of the 
height direction of the heights of the above-mentioned light reflex 
layer front face, this unevenness needs to limit to the range which does 
not affect the liquid crystal molecular orientation in AWT (antiparallel 
WT) mode. The configuration of the heights of a light reflex layer or 
the point of a crevice must be made into the shape of the shape of a 
circle, or an ellipse here in order to realize good diffuse reflection. 
In addition, the above-mentioned AWT mode says WT mode in which the 
liquid crystal molecule of a substrate interface carried out parallel 
orientation mostly, and is distinguished from HWT mode. 
[0019] Furthermore, as a result of converting the margin of the ratio 
(d/pO) of eel thickness and the natural pitch of spiral structure into 
the margin of eel thickness, the margin of dispersion deltad of the eel 
thickness d becomes | d | <=1. 0[mum] . It is possible to form a light reflex 
layer from this, without making the center section of the height of the 
heights of a light reflex layer into average eel thickness, and having a 
bad influence on the orientation of liquid crystal from there with [ the 
height of 0. 5 / **/ [mum], i.,e. , heights, ] 1 [ below ] [mum]. 
[0020] The height of the configuration of examination to a light reflex 
layer based on these experiments is below 1 [mum], and, as for the pitch 
of adjoining heights, it is desirable for the diameter at the base of 
heights or a major axis to be the circle or ellipse of 3-50 [mum], and 
to be more than 1 [mum]. 

[0021] However, by the approach of etching a metal membrane like the 
above-mentioned JP, 3-41420, A publication, it was difficult to control 
such severe conditions with a sufficient precision. 
[0022] The thing of a publication is in USP4596446 and a public 
presentation No. 28130 [ Showa 59 to ] official report as a technique of 
an amelioration WT mold of on the other hand driving liquid crystal 



without using a switching element. Since the optimal conditions for a 
passive-matrix drive were set up here, the field which a hysteresis does 
not produce, i.e., a torsion angle, could use only the range of pi-2pi 
[rad] for the liquid crystal display, and when using in GH mode which 
mixed polychroism coloring matter, the absorption of light did not 
happen enough, but there was a problem that the fall of contrast arose. 
[0023] Furthermore, when installing a reflecting plate, as shown in 
drawing 16 (a), with the conventional outside vapor phase deposition 
method, i. e. , the approach of arranging a reflecting plate 5 behind a 
liquid crystal cell, the parallax by the thickness of glass substrate lb 
arose, and the vision property was reduced remarkably. 
[0024] This invention was made in order to solve the above troubles, and 
it can drive liquid crystal with a low battery, moreover its optical 
responsibility is high, and it is the purpose of this invention to 
obtain the low cost liquid crystal display which has a high contrast and 
good [ bright and ] vision property. 
[0025] 

[Means for Solving the Problem] The liquid crystal display concerning 
this invention is equipped with the substrate of a pair with one [ at 
least ] transparent substrate, and the liquid crystal layer pinched 
among these both substrates. This liquid crystal has a forward 
dielectric constant anisotropy, and the liquid crystal molecules near a 
substrate interface are abbreviation parallel to this substrate, the 
cholesteric liquid crystal or the chiral agent as polychroism coloring 
matter and an optically active substance is mixed into this liquid 
crystal, and it has the spiral structure to which a liquid crystal 
molecule has a screw axis in the direction of eel thickness with an 
optically active substance. The natural pitch (pO) of spiral structure 
and the ratio of eel thickness (d) which are produced with an optically 
active substance are relational expression (2 theta-pi / 4 pi<d/p 0 
<=theta/2pi is filled.) which sets angle of torsion of this spiral 
structure to theta [rad]. Torsion angle [ of spiral structure ] theta 
[rad] is the value of the range of 2 pi<=theta <=5pi/2. The above- 
mentioned purpose is attained by that. 

[0026] The liquid crystal display concerning this invention is equipped 
with the substrate of a pair with one [ at least ] transparent substrate, 
and the liquid crystal layer pinched among these both substrates. This 
liquid crystal has a forward dielectric constant anisotropy, and the 
liquid crystal molecules near a substrate interface are abbreviation 
parallel to this substrate, the cholesteric liquid crystal or the chiral 
agent as polychroism coloring matter and an optically active substance 



is mixed into this liquid crystal, and it has the spiral structure to 
which a liquid crystal molecule has a screw axis in the direction of eel 
thickness with an optically active substance. The natural pitch (pO) of 
spiral structure and the ratio of eel thickness (d) which are produced 
with an optically active substance are relational expression (2 theta-pi 
/ 4 pi<d/p 0 <=theta/2pi is filled.) which sets angle of torsion of this 
spiral structure to theta [rad]. Torsion angle [ of spiral structure ] 
theta [rad] is the value of the range of 2 pi<=theta <=5pi/2. One side 
of the substrate of this pair has the active component driven so that 
optical shutter actuation according this liquid crystal layer to this 
may take place. The above-mentioned purpose is attained by that. 
[0027] In the above-mentioned liquid crystal display, said active 
component consists of a nonlinear device, and, as for this invention, it 
is desirable that this nonlinear device is MIM, diode, a varistor, or 
TFT. 

[0028] As for this invention, it is desirable to consist of an insulator 
layer which has the concavo-convex shape of surface type by which this 
reflective pixel electrode was formed in this substrate front face which 
has the reflective pixel electrode prepared in the above-mentioned 
liquid crystal display so that one side of the substrate of said pair 
might touch said liquid crystal layer, and metallic reflection film 
formed so that the shape of that toothing might be reflected on this 
insulator layer. 

[0029] As for this invention, in the above-mentioned liquid crystal 
display, it is desirable that torsion angle theta of the above-mentioned 
spiral structure is about 9pi/4. 

[0030] As for this invention, in the above-mentioned liquid crystal 
display, it is desirable to have the orientation film constituted so 
that the pre tilt angle of the liquid crystal molecule with which the 
substrate of said pair constitutes said liquid crystal layer might serve 
as range which is 5 degrees - 20 degrees. 
[0031] Hereafter, an operation is explained. 

[0032] In this invention, the liquid crystal molecule near a substrate 
interface carries out orientation of the liquid crystal pinched between 
the substrates of a pair to abbreviation parallel to this substrate. And 
without the orientation of a liquid crystal molecule collapsing, even if 
the electrical potential difference of extent which is in an off 
condition is impressed to liquid crystal since it considered as the 
spiral structure to which a liquid crystal molecule has a screw axis in 
the direction of eel thickness with an optically active substance, the 
pitch of spiral structure begins to be quickly extended only after 



becoming, when the electrical potential difference more than threshold 
voltage is impressed. For this reason, the dynamic range of a signal 
level becomes possible [ setting it as the narrow range containing the 
above-mentioned threshold voltage ]. 

[0033] Moreover, since the orientation of a liquid crystal molecule does 
not collapse even if the electrical potential difference of extent which 
is in an off condition as mentioned above is impressed to liquid crystal, 
as a driver element of liquid crystal, setting completely liquid crystal 
applied voltage in an off condition to 0 can use difficult 2 terminal 
component, and it can aim at reduction of cost. 

[0034] Furthermore, the natural pitch (pO) of spiral structure and the 
ratio of eel thickness (d) which are produced with an optically active 
substance The relational expression (2 theta-pi) / 4 pi<d/p 0 
<=theta/2pi which sets angle of torsion of this spiral structure to 
theta [rad] are filled, and torsion angle [ of spiral structure ] theta 
[rad] is 2pi<=. Since he is trying to become the value of the range of 
theta<=5pi/2. When a phase move of a liquid crystal molecule will arise 
rapidly and the applied voltage to liquid crystal is turned off by 
impressing a predetermined electrical potential difference to liquid 
crystal, it will return to the liquid crystal phase of a basis steeply 
and certainly. Thereby, sufficient optical responsibility can be 
acquired. 

[0035] Moreover, while a steeper electro-optics property is acquired by 
using 2 terminal component as mentioned above, the number of the picture 
elements which can be driven with the signal of display capacity, i. e. , 
a fixed duty ratio, can be increased. 

[0036] In this invention, since it constitutes from an insulator layer 
which has the shape of concavo-convex surface type formed in this 
substrate front face in this reflective pixel electrode, and metallic 
reflection film formed so that the shape of that toothing might be 
reflected on this insulator layer, it becomes possible to form the 
pattern of the above-mentioned uneven configuration with a sufficient 
precision by photolithography processing of for example, the 
photopolymer film. Thereby, a front face can control the severe 
conditions of which the light reflex layer of an uneven configuration is 
required by this light reflex layer, for example, the pitch and height 
of heights, with a sufficient precision, and can form them. 
[0037] In this invention, since torsion angle theta of the above- 
mentioned spiral structure is made into about 9pi/4, the maximum optical 
responsibility can be acquired. 

[0038] In this invention, since it had the orientation film constituted 



so that the pre tilt angle of the liquid crystal molecule which 
constitutes said liquid crystal layer might serve as range which is 5 
degrees - 20 degrees, threshold voltage can be set up low and, moreover, 
improvement in contrast can be aimed at. 
[0039] 

[Embodiment of the Invention] First, the basic principle of this 
invention is explained. 

[0040] Drawing 3 (b) shows the electrical-potential-difference- 
permeability property in AWT mode, and drawing 13 (d) - drawing 13 (f) 
make the orientation condition in this AWT mode correspond to the 
applied-voltage range D, E, and F of drawing 3 (b), and show it, 
respectively. That is, an orientation condition in case drawing 13 (d) 
and (e) have applied voltage in the range D and E of drawing 3 (b) , and 
drawing 13 (f) show the orientation condition in case applied voltage is 
in the range F of drawing 3 (b). In addition, if a liquid crystal 
molecule and polychroism coloring matter are distinguished, it does not 
break by drawing 13 (d) - drawing 13 (f), but the orientation condition 
of both whole mixture is shown. 

[0041] The AWT mode of this invention carries out orientation of the 
liquid crystal molecule near the substrate front face of a liquid 
crystal layer almost horizontally to this substrate front face, and, for 
this reason, the liquid crystal molecule of the bulk section of a liquid 
crystal layer forms spiral structure in the quite stable condition 
compared with HWT mode. For this reason, even if the electrical 
potential difference of extent which is in an off condition is impressed 
to liquid crystal, the orientation condition of liquid crystal does not 
collapse, that condition is held at stability, when the electrical 
potential difference more than threshold voltage is impressed, change of 
the orientation condition of liquid crystal will arise for the first 
time, that is, the pitch of spiral structure will begin to be extended 
quickly. Thereby, a steep and clear threshold voltage property is 
acquired. 

[0042] As for this property, the method of change changes with the 
natural pitch (pO) of spiral structure, and ratios with eel thickness 
(d). Drawing 14 (a) - drawing 14 (c) set torsion angle theta of spiral 
structure to 2pi, and the optical response characteristic when changing 
d/pO is shown. 

[0043] First, in d/p 0> 1. 2, this drawing shows that a standup is late, 
in order that a liquid crystal molecule may not fully operate on a 
predetermined electrical potential difference (refer to drawing 14 (b)). 
[0044] Moreover, in d/p 0< 0.8, when off-bias is impressed to liquid 



crystal, it turns out that the condition that the field twisted 180 
degrees would appear and would be in sufficient off condition, i.e., a 
value with the sufficiently small permeability of liquid crystal, is not 
acquired (refer to drawing 14 (c)). 

[0045] And when torsion angle theta of spiral structure is 2pi, it turns 

out that the range of d/pO which can drive the liquid crystal in AWT 

mode is 0.8 <=d/p 0<=1. 2 (refer to drawing 14 (a)). 

[0046] Moreover, when changing torsion angle theta and the same 

measurement as the above was followed, the optical property under the 

following conditions became good. 

[0047] 

(1) Torsion angle theta: 2 pi<=theta <=5pi/2 (formula 1) 

(2) Cel thickness / natural pitch: (2 theta-pi) /4pi<d/p0<=theta/2pi 
(formula 2) It sets under the condition of (1) and (2) further. Even if 
the electrical potential difference was impressed in the liquid crystal 
in AWT mode, when the electrical potential difference which with 

[ applied voltage ] threshold voltage [ below ] change from initial 
orientation does not arise and is impressed as off-bias was below 
threshold voltage, the response characteristic was the same as that of 
what is shown in above-mentioned drawing 14 (a). In this case, standup 
response-time taur It falls and is response-time taud. The sum is 
100msec (s) and it is also checked that this value becomes 1/3 or less 
time amount compared with 340msec (s) in the HWT mode shown in drawing 
15 . 

[0048] On the other hand, the patterning processing by the 
photolithography process removes alternatively the optical photopolymer 
applied on the insulating substrate, it heat-treats further, a metal 
thin film is formed in the whole surface after that, and the approach a 
front face creates a toothing-like reflective pixel electrode is 
indicated by JP, 4-243226, A. 

[0049] If this process was used, when the severe conditions of which the 
reflective diffusion plate used for a reflective mold liquid crystal 
display is required at this were able to be controlled with sufficient 
repeatability and were able to be produced, that it is easy also turned 
out the switching element for driving liquid crystal, and to combine 
especially 2 terminal component with the above-mentioned reflective 
diffusion plate. 

[0050] Thus, it has an electro-optics property with the clear threshold 
from which the orientation condition of liquid crystal does not change 
even if off-bias is impressed, and a sufficiently quick optical response 
characteristic, and the liquid crystal cell of the bright display mode 



in which a low-battery drive is possible is realized, and since the 
above-mentioned driver voltage is low, active components, such as TFT 
and 2 terminal component, are combinable with this liquid crystal cell 
according to this invention. 

[0051] furthermore, the thing for which the reflective pixel electrode 
which has a good diffuse reflection property is constituted so that a 
liquid crystal layer may be touched — homogeneity orientation — 
parallax — being small — bright — moreover — high — it is obtained 
that low cost is also about the high-reflective-liquid-crystal equipment 
which has a contrast display property. 

[0052] Hereafter, the gestalt of operation of this invention is 
explained about drawing. 

(Gestalt 1 of operation) Drawing 1 is drawing for explaining the liquid 
crystal display by the gestalt 1 of operation of this invention, drawing 
1 (a) shows the cross-section structure, and drawing 1 (b) shows the 
direction of rubbing of the substrate of the pair which constitutes this 
liquid crystal display. Drawing 2 (a) - drawing 2 (e) are the sectional 
views showing the production approach of a substrate of having 2 
terminal component among the substrates of a top Norikazu pair, in order 
of a process. In addition, in drawing 1 , a liquid crystal molecule and 
polychroism coloring matter are not distinguished. 

[0053] In drawing, 101 is the transparency mold liquid crystal display 
of the gestalt of this operation, and has the tooth-back substrate 18 in 
which the thin-film diode (henceforth TFD) 12 was carried as a 2 
terminal component, and the front substrate 19 which countered this and 
was arranged on this tooth-back substrate 18. The above-mentioned thin- 
film diode 12 consists of Ta (tantalum) wiring 13 by which the 
laminating was carried out one by one on glass substrate la which 
constitutes the tooth-back substrate 18, 20Ta5 (tantalum oxide) 
insulating layer 14, and a Ti (titanium) electrode 15. Moreover, on this 
glass substrate la, pixel transparent electrode 2a which consists of ITO 
is formed so that the above-mentioned Ti electrode 15 may be touched, 
all over this glass substrate la, the above-mentioned thin-film diode 12 
and pixel transparent electrode 2a are covered, and liquid crystal 
orientation film 3a is formed. On glass substrate lb which constitutes 
the above-mentioned front substrate 19, stripe-like ITO film 2b is 
formed and liquid crystal orientation film 3b is further formed all over 
the method of a wrap in this. 

[0054] Moreover, liquid crystal 4 is pinched between the above-mentioned 
tooth-back substrate 18 and the front substrate 19, and this liquid 
crystal 4 serves as AWT mode which is WT mode in which liquid crystal 



molecule 4a of an interface part with both the above-mentioned 
substrates 18 and 19 carried out orientation almost in parallel with a 
substrate front face. The liquid crystal used here mixes anthraquinone 
and azo black polychroism coloring matter in ZLI-4792 (Merck Co. trade 
name), and about 1.65 [wt%] mixing of s-811 (Merck Co. trade name) is 
carried out at this liquid crystal as a chiral agent which is an 
optical-activity agent. Torsion angle theta of the liquid crystal 
molecular orientation at this time is 9pi/4 [rad] (45 degrees), as shown 
in drawing 1 (b), and ratio d/pO is 0.99. Moreover, the retardation 
(deltan-d) of a liquid crystal molecule is 391 [nm], and he is trying to 
pass a liquid crystal layer in the liquid crystal used this time, 
without incident light carrying out the rotatory polarization. Here, the 
value and d deltan indicates the degree of a refractive-index anisotropy 
to be are eel thickness. Moreover, Xa is the direction of rubbing of the 
tooth-back substrate 18, and Xb is the direction of rubbing of the front 
substrate 19. 

[0055] Next, the manufacture approach is explained. The production 
approach of the tooth-back substrate 18 of having carried the thin-film 
diode 12 first is explained. First, Ta thin film 13a is formed by the 
sputtering method on glass substrate la at the thickness of about 3000A 
( drawing 2 (a)). 

[0056] Next, it is processed by photolithography processing so that it 
may become the configuration of a request of this Ta thin film 13a, and 
the Ta wiring 13 is formed ( drawing 2 (b)). 

[0057] Then, anodizing is performed to the front face of the above- 
mentioned Ta wiring 13, and the insulating layer 14 which consists of Ta 
205 is formed in the thickness of about 600A ( drawing 2 (c)). 
[0058] Then, on 20Ta5 insulating layer 14, this Ti film is processed 
into a predetermined configuration by photolithography processing for 
forming Ti film by the sputtering method, and the Ti electrode 15 is 
formed ( drawing 2 (d)). Thereby, a thin-film diode 12 is formed on the 
above-mentioned glass substrate la. 

[0059] Finally, pixel transparent electrode 2a connected with the above- 
mentioned Ti electrode 15 by formation and patterning of the ITO film is 
formed ( drawing 2 (e)). 

[0060] Thus, Optomer AL4552 (Japan Synthetic Rubber Co. , Ltd. trade 
name) is applied as an orientation film ingredient all over produced 
glass substrate la, it calcinates at 180 degrees C for 1 hour, and 
liquid crystal orientation film 3a is formed. 

[0061] On the other hand, about the above-mentioned front substrate 19, 
stripe-like ITO film 2b is formed by formation and patterning of the ITO 



film on glass substrate lb, and after that, Optomer AL4552 is applied as 
an orientation film ingredient like glass substrate la by the side of 
the above-mentioned tooth-back substrate, it calcinates at 180 degrees C 
for 1 hour, and liquid crystal orientation film 3b is formed. 
[0062] And rubbing processing is performed so that the orientation 
regulation direction may become the liquid crystal orientation film 3a 
and 3b of the above-mentioned glass substrates la and lb with left- 
handed-rotation pi/4 [rad], 

[0063] Then, the glass bead spacer of 4. 5 [mum] is sprinkled to either 
the above-mentioned tooth-back substrate 18 and the front substrate 19, 
the adhesive sealant which mixed the glass fiber of 5 [mum] is screen- 
stenciled to it as a liquid crystal closure layer, and these both 
substrates 18 and 19 are stuck on it so that stripe-like ITO film 2b of 
the Ta signal line (wiring) 13 of the tooth-back substrate 18 and the 
front substrate 19 may intersect perpendicularly in the shape of a 
matrix. And liquid crystal 4 is poured in between both the above- 
mentioned substrates 18 and 19 by the vacuum deairing. 
[0064] Next, the operation effectiveness is explained. Drawing 3 (b) 
shows the electric - optical property of the liquid crystal cell 
produced by doing in this way. As shown in this drawing, even if near 
2. 4 [V] shows a clear threshold property and the off-bias below 
threshold voltage is impressed, trouble is not produced in a response 
characteristic. In addition, the driver voltage wave used at this time 
is l/240Duty. It is the voltage waveform of l/8bias, and frame frequency 
is 80Hz. Sufficient brightness and contrast were acquired so that 
Von/Voff might be about 2.0 and the electrical potential difference 
impressed to a liquid crystal layer through a component at the time of 
on at this time might be understood for them also from drawing 3 (b), 
when Von and liquid crystal applied voltage at the time of off were set 
to Voff. 

[0065] In the electric-optical property of a liquid crystal cell which 
is obtained on the above and these conditions and which does not have an 
active component, Von/Voff is set to 1. 07 and shutter actuation of 
liquid crystal is impossible for it because of the hysteresis of the 
electrical-potential-difference-permeability property of liquid crystal. 
[0066] In this example, thus, the liquid crystal 4 pinched between the 
tooth-back substrate 18 and the front substrate 19 Since it considered 
as the spiral structure to which liquid crystal molecule 4a near a 
substrate interface carries out orientation to abbreviation parallel to 
this substrate front face, and liquid crystal molecule 4a has a screw 
axis in the direction of eel thickness with an optically active 



substance Even if the electrical potential difference of extent which is 
in an off condition is impressed to liquid crystal 4, the pitch of 
spiral structure begins ( drawing 13 (f)) to be quickly extended only 
after becoming, when the orientation of liquid crystal molecule 4a does 
not collapse and the electrical potential difference more than threshold 
voltage is impressed, as shown in drawing 13 (e). For this reason, the 
dynamic range of a signal level becomes possible [ setting it as the 
narrow range containing the above-mentioned threshold voltage ]. 
[0067] Moreover, since the orientation of a liquid crystal molecule does 
not collapse even if the electrical potential difference of extent which 
is in an off condition as mentioned above is impressed to liquid crystal, 
as a driver element of liquid crystal, setting completely liquid crystal 
applied voltage in an off condition to 0 can use the difficult cheap 
thin-film diode 12, and it can aim at reduction of cost. 
[0068] Furthermore, the natural pitch (pO) of spiral structure and the 
ratio of eel thickness (d) which are produced with an optically active 
substance The relational expression (2 theta-pi) / 4 pi<d/p 0 
<=theta/2pi which sets angle of torsion of this spiral structure to 
theta [rad] are filled, and torsion angle [ of spiral structure ] theta 
[rad] is 2pi<=. Since he is trying to become the value of the range of 
theta<=5pi/2, When a phase move of a liquid crystal molecule will arise 
rapidly and the applied voltage to liquid crystal is turned off by 
impressing a predetermined electrical potential difference to liquid 
crystal, it will return to the liquid crystal phase of a basis steeply 
and certainly. Thereby, sufficient optical responsibility can be 
acquired. 

[0069] Moreover, with the gestalt of this operation, since torsion angle 
theta of the above-mentioned spiral structure is made into about 9pi/4, 
the maximum optical responsibility can be acquired. 

[0070] In addition, although 2 terminal component was constituted from a 
gestalt of the above-mentioned implementation using Ta, Ta205, and Ti, 
if the component of the above-mentioned 2 terminal component is the 
combination from which it is not limited to the combination of these 
ingredients, and the nonlinear characteristic of diode is acquired like 
the above, the combination of what kind of ingredient is sufficient as 
it. 

[0071] Moreover, it is not necessary to be a diode simple substance like 
[ component / 2 terminal ] the gestalt of the above-mentioned 
implementation, and a diode ring and a varistor are also available. The 
same effectiveness is acquired even if it uses a thin film transistor 
etc. for a pan besides 2 terminal component. 



[0072] Furthermore, approaches, such as method vacuum evaporationo of 
slanting, are sufficient as the approach of orientation control in 
addition to the rubbing method. Moreover, although referred to as 4. 5 
[mum] about eel thickness here, a desired property can be acquired in 3- 
20 [mum]. 

[0073] Moreover, although the chiral agent was mixed in liquid crystal 
as an optically active substance with the gestalt of the above-mentioned 
implementation, cholesteric liquid crystal is sufficient as an optically 
active substance. 

[0074] moreover, deltan-d<=700[nm since it is necessary to make it pass 
a liquid crystal layer, without the light which carried out incidence 
carrying out the rotatory polarization of the retardation (deltan-d) of 
a liquid crystal molecule to a liquid crystal layer according to a twist 
of a liquid crystal molecule — ] — desirable — deltan-d<= — what is 
necessary is just 500 [nm] In the liquid crystal used this time and eel 
thickness, since it is deltan-d=391 [nm], incident light passes a liquid 
crystal layer, without carrying out the rotatory polarization. 
[0075] (Gestalt 2 of operation) Drawing 4 is drawing for explaining the 
configuration of the reflective mold liquid crystal display by the 
gestalt 2 of operation of this invention, and the sectional view showing 
the production process of a reflective pixel electrode that drawing 5 
(a) - drawing 5 (f) constitute this liquid crystal display, in order of 
a process, and drawing 6 are the top views showing the exposure mask 
used for the production process of this reflective pixel electrode. 
[0076] In drawing 4 , 102 is the reflective mold liquid crystal display 
of the gestalt of this operation, and has the tooth-back substrate 28 
with which a front face has light reflex layer 5a of an uneven 
configuration, and the front substrate 19 which countered this and was 
arranged on this tooth-back substrate 28. As shown in drawing 5 (f), the 
above-mentioned light reflex layer 5a consists of the photopolymer layer 
7 of the 1st layer which carried out patterning, photopolymer film 8 of 
the 2nd layer thinly formed so that the shape of toothing of this 
photopolymer film might be reflected on it, and an aluminum (aluminum) 
thin film 9 formed on this photopolymer film 8 so that it may have the 
shape of toothing, and has become a reflective pixel electrode. In 
addition, with the gestalt of this operation, it does not have active 
components, such as a thin-film diode in the gestalt 1 of operation 
which glass substrate la which constitutes the above-mentioned tooth- 
back substrate 28 mentioned above. And in addition to this, the same 
sign as drawing 1 being the same as that of the gestalt 1 of operation 
or a considerable part is shown. 



[0077] Next, the production approach of the reflective pixel electrode 
of the above-mentioned liquid crystal display is explained. 
[0078] First, only thickness 0. 5-1. 0 predetermined by the spin coater 
[mum] applies the photopolymer film 6 (trade name: 0FPR800 Tokyo 
adaptation shrine make) which served as the insulating layer on glass 
substrate la in which ITO film 2a was formed as a signal electrode 
( drawing 5 (a) ) . 

[0079] Next, it exposes using the protection-from-light mask 200 which 
has the protection-from-light pattern 201 as shows this photopolymer 
film 6 to drawing 6 , negatives are developed further, and the mask 
layer (photopolymer film of the 1st layer) 7 which has an uneven 
configuration is formed ( drawing 5 (b)). 

[0080] Then, it heat-treats at 200 degrees C in the mask layer 7 by 
which patterning was carried out [ above-mentioned ], and the heights 7a 
is processed into roundish [ wore ] ( drawing 5 (c)). 
[0081] Then, on the mask layer 7 which performed the above-mentioned 
heat-treatment, it applies to the again same or thickness comparable as 
the process which shows a different photopolymer 8 to drawing 5 (a), and 
boom hoisting of a front face is smoothed ( drawing 5 (d)). 
[0082] And the photopolymer film 8 with which the front face is uneven 
is processed by photolithography processing so that it may become the 
same configuration as a pixel electrode ( drawing 5 (e)). 
[0083] Furthermore, aluminum (aluminum) thin film is formed by the 
sputtering method as metallic reflection film 9 on the photopolymer film 
8 by which patterning was carried out. At this time, this metallic 
reflection film 9 will be connected to signal-electrode (ITO film) 2a 
through the contact hole 10 formed in a part of photopolymer layer 8 by 
the above-mentioned photolithography down stream processing. The 
metallic reflection film 9 will function as a reflective pixel electrode 
as it is by this. Thus, by carrying out processing processing of the 
formed metallic reflection film 9 so that it may become a predetermined 
pixel pattern, reflective pixel electrode 5a is formed, liquid crystal 
orientation film 3c is formed in the whole surface, and the tooth-back 
substrate 28 is completed. 

[0084] And liquid crystal 4 is poured in for the tooth-back substrate 28 
and the front substrate 19 which have this reflective pixel electrode 5a 
between lamination and both substrates by the same approach as the 1st 
example, and the liquid crystal display component 102 is produced. 
[0085] Next, the operation effectiveness is explained. Drawing 7 shows 
the reflection property of the above-mentioned reflective pixel 
electrode 5a, and drawing 8 shows the measuring method of this 



reflection property. 

[0086] Measurement of the above-mentioned reflection property is 
performed by detecting the light which laid on the sample stage 23 by 
having made the above-mentioned tooth-back substrate 28 into measurement 
documentation 20 as shown in drawing 8 , and outgoing radiation was 
carried out from the light source 22, and was reflected on the front 
face of the above-mentioned tooth-back substrate 28 by the electric eye 
21. Moreover, this measurement changed the location for the electric eye 
21 centering on the location on the normal of measurement documentation 
20 front face, outgoing radiation light fixed to the location which 
carries out incidence aslant on the front face of measurement 
documentation 20, and the light source 22 went. Moreover, the reference 
set reflected light reinforcement of the standard white surface (MgO) to 
100 [%]. Drawing 7 shows that a reflection property strong against less 
than 30 degrees is shown to the direction of incidence, and they have 
been the optimal conditions for a reflective mold liquid crystal display 
component. In addition, 24 is the reflection property of the above- 
mentioned reflective pixel electrode (light reflex layer) 5a, and 25 is 
a reflection property on the front face of MgO. 

[0087] Moreover, with this liquid crystal display component, compared 
with the case of the conventional external reflecting plate, parallax 
becomes small and serves as a display with a good rear spring supporter 
at the wide field of view. 

[0088] Furthermore, drawing 9 shows the electric - optical property of 
the reflective mold liquid crystal display 102, an early orientation 
condition is good and this property shows that liquid crystal drives to 
homogeneity also when an electrical potential difference is impressed. 
[0089] Thus, while being able to set the dynamic range of a signal level 
as the narrow range like the gestalt 1 of the above-mentioned 
implementation with the gestalt 2 of operation In the effectiveness that 
sufficient optical responsibility can be acquired, in addition, the 
photopolymer film 8 formed the photopolymer film 7 which has the shape 
of concavo-convex surface type formed in this substrate front face in 
this reflective pixel electrode (light reflex layer) 5a, and on it. 
Since it constitutes from metallic reflection film 9 formed so that the 
shape of the toothing might be reflected on these resin film, it is 
effective in the ability for a front face to control the severe 
conditions of which reflective pixel electrode 5a of an uneven 
configuration is required at this, for example, the pitch and height of 
heights, with a sufficient precision, and form. 

[0090] In addition, although IT02a and the metallic reflection film 9 



which are a signal electrode are connected with the gestalt of this 
operation through the contact hole 10 opened in the photopolymer layer 
which served as the insulating layer, this metallic reflection film 9 
may be used as a signal electrode which serves as the reflective film. 
In this case, ITO film 2a as a signal electrode may not be formed in the 
photopolymer film 7 bottom. Moreover, it may leave the photopolymer 
layer 6 to the part from which the metallic reflection film is removed 
by patterning at this time. 

[0091] Moreover, although aluminum was used as metallic reflection film 
with the gestalt of this operation, especially if it is the metal which 
has a uniform reflection property in a light field, and has a high 
reflection factor, it will not be limited to this. 

[0092] (Gestalt 3 of operation) Drawing 10 (a) is a sectional view for 
explaining the reflective mold liquid crystal display by the gestalt 3 
of operation of this invention. In drawing, 103a is the reflective mold 
liquid crystal display with 2 terminal component which used reflective 
pixel electrode 5a of the gestalt of this operation, and the thin-film 
diode 12 is carried in the tooth-back substrate 28a as an active 
component for driving liquid crystal. Here, reflective pixel electrode 
5a consists of metal thin films 9 which were formed on a thin-film diode 
12 and signal-electrode 2a and with which the front face was formed on 
it with the photopolymer film 16 of an uneven configuration. This metal 
thin film 9 is connected with the above-mentioned signal-electrode 2a 
through contact hole 16a formed in the above-mentioned photopolymer film 
16. In addition, also in this example, the above-mentioned photopolymer 
film 16 consists of photopolymer film of the 1st layer by which 
patterning was carried out so that it might have the shape of toothing 
by photolithography processing, and photopolymer film of the two-layer 
eye which is formed on it and makes the shape of this toothing smooth 
like the 2nd example. And what, in addition to this, attached the same 
sign as drawing 4 is the same as that of the thing of the gestalt 2 of 
the above-mentioned implementation. 

[0093] Moreover, manufacture of the reflective mold liquid crystal 
display of this example is performed as follows. 

[0094] First, by the same processing as the process shown in drawing 2 
(a) thru/or drawing 2 (d), a thin-film diode 12 is formed on glass 
substrate la, and as further shown in drawing 2 (e), ITO film 2a is 
formed as a signal electrode. Then, sequential formation of the above- 
mentioned photopolymer film 16 and the metal thin film 9 is carried out 
on the above-mentioned thin-film diode 12 and signal-electrode 2a by the 
same processing as the process shown in drawing 5 (a) thru/or drawing 5 



(f). And liquid crystal orientation film 3a is formed all over the 
above-mentioned glass substrate la, orientation processing is performed, 
and tooth-back substrate 28a is completed. 

[0095] After that, liquid crystal 4 is poured in for the above-mentioned 
tooth-back substrate 28a and the front substrate 19 between lamination 
and both substrates by the same approach as the gestalt 1 of operation, 
and liquid crystal display component (liquid crystal display) 103a is 
produced. 

[0096] Next, the operation effectiveness is explained. 
[0097] Compared with the display (at the time of ** 45%) of the 
reflective mold liquid crystal display which uses the polarizing plate 
in such TN mode as compared with the electrical-potential-difference- 
reflection factor property of the reflective mold liquid crystal display 
using TN (twisted-nematic) mode which drawing 11 shows the electrical- 
potential-difference-reflection factor property of the above-mentioned 
liquid crystal display component 103a, and shows this property in 
drawing 12 , it turns out that the display with the quite brighter 
reflective mold liquid crystal display of the gestalt of this operation 
(at the time of ** 80%) is obtained. 

[0098] Thus, with the gestalt of this operation, since the switching 
element is used, compared with the gestalt 2 of the above-mentioned 
implementation, a steeper electro-optics property is acquired and it is 
effective in the ability to increase display capacity, moreover, the 
gestalt 2 of the above-mentioned implementation — like — homogeneity 
orientation — parallax — being small — bright — high — it cannot be 
overemphasized that the high-reflective-liquid-crystal equipment which 
has a contrast display property is obtained in low cost. 
[0099] In addition, drawing 10 (b) shows the modification of the gestalt 
3 of the above-mentioned implementation, and in drawing, 103b is the 
reflective liquid crystal display which carried the active component by 
this modification, by this reflective liquid crystal display 103b, 
reflective pixel electrode 5b is a point used as the structure which 
serves as signal-electrode 2a in reflective liquid crystal display 103a 
of the gestalt 3 of operation, and it differs from the above-mentioned 
reflective liquid crystal display 103a. 

[0100] That is, in this reflective liquid crystal display 103b, in the 
metal thin film 9, it connects with the Ti electrode 15 of a thin-film 
diode 12 through contact hole 16a of the photopolymer film 16, and the 
above-mentioned tooth-back substrate 28b does not have signal-electrode 
2a of the gestalt 3 of operation. 

[0101] The manufacture approach of this reflective liquid crystal 



display 103b differs from the thing of the gestalt 3 of the above- 
mentioned implementation on the above-mentioned thin-film diode 12 only 
at the point which carries out sequential formation of the above- 
mentioned photopolymer film 16 and the metal thin film 9 by the same 
processing as the process continuously shown in drawing 5 (a) thru/or 
drawing 5 (f) by the same processing as the process shown in drawing 2 
(a) thru/or drawing 2 (d) after forming a thin-film diode 12 on glass 
substrate la. 

[0102] Also in the modification of the gestalt 3 of implementation of 
such a configuration, the same effectiveness as the gestalt 3 of the 
above-mentioned implementation is done so. 

[0103] (Gestalt 4 of operation) Drawing 17 is drawing for explaining the 
configuration of the reflective mold liquid crystal display by the 
gestalt 4 of operation of this invention, drawing 17 (a) shows the 
cross-section structure, and drawing 17 (b) shows the direction of 
rubbing of the substrate of the pair which constitutes this liquid 
crystal display. Drawing 18 (a) - drawing 18 (f) are the sectional views 
showing the production process of the reflective mold pixel electrode 
which constitutes this liquid crystal display in order of a process. In 
addition, in drawing 17 , a liquid crystal molecule and polychroism 
coloring matter are not distinguished. In drawing 17 , 104 is the 
reflective mold liquid crystal display of the gestalt of this operation, 
and has front substrate 19a by which the front face was arranged to this 
on tooth-back substrate 28c which has light reflex layer 5a of an uneven 
configuration, and this tooth-back substrate 28c. 
[0104] As shown in drawing 18 (f), the above-mentioned light reflex 
layer 5a consists of an aluminum (aluminum) thin film 9 formed on the 
layer [ 1st ] photopolymer layer 7 which carried out patterning, the 
layer [ 2nd ] photopolymer layer 8 thinly formed so that the uneven 
configuration of this photopolymer film might be reflected on it, and 
this photopolymer layer 8 so that it may have an uneven configuration, 
and has become a reflective pixel electrode. All over this glass 
substrate la, the above-mentioned reflector 5a is covered and 3d of 
liquid crystal orientation film is formed. On glass substrate lb which 
constitutes the above-mentioned front substrate 19a, stripe-like ITO 
film 2b is formed and liquid crystal orientation film 3e is further 
formed all over the method of a wrap in this. 

[0105] Moreover, liquid crystal 4 is pinched between above-mentioned 
tooth-back substrate 28c and front substrate 19a, and this liquid 
crystal 4 serves as AWT mode which is WT mode in which liquid crystal 
molecule 4a of an interface part with both the above-mentioned 



substrates 28c and 19a carried out orientation almost in parallel with a 
substrate front face. With the gestalt 4 of this operation, the 
component of the above-mentioned liquid crystal orientation film 3d and 
3e, the reinforcement of rubbing processing, etc. are adjusting the pre 
tilt angle of a liquid crystal molecule, and the pre tilt angle of a 
liquid crystal molecule has become 5 degrees. 

[0106] The liquid crystal used here mixes anthraquinone and azo black 
polychroism coloring matter in ZLI-4792 (Merck Co. trade name), and 
about 1.65 [wt%] mixing of s-811 (Merck Co. trade name) is carried out 
at this liquid crystal as a chiral agent which is an optical-activity 
agent. 

[0107] Angle-of-torsion theta of the liquid crystal molecular 
orientation at this time is 360 degrees as shown in drawing 17 (b), and 
d/pO is about 1. Moreover, with the liquid crystal used here, it is the 
litter of a liquid crystal molecule. Day SHON (deltan-d) is 470 [nm], 
and he is trying to pass a liquid crystal layer, without incident light 
carrying out the rotatory polarization. Here, the value and d **n 
indicates the degree of a refractive-index anisotropy to be are eel 
thickness. Moreover, Xa is the direction of rubbing of tooth-back 
substrate 28c, and Xb is the direction of rubbing of front substrate 19a. 
[0108] Next, the manufacture approach is explained. 
[0109] First, only thickness 0.5-1.0 predetermined by the spin coater 
[mum] applies the photopolymer film 6 (trade name: OFPR800 Tokyo 
adaptation shrine make) which served as the insulating layer on glass 
substrate la in which ITO film 2a was formed as a signal electrode 
( drawing 18 (a)). 

[0110] Next, it exposes using the protect ion-frora-light mask 200 which 
has the protection-from-light pattern 201 as shows this photopolymer 
film 6 to drawing 6 , negatives are developed further, and the mask 
layer (photopolymer film of the 1st layer) 7 which has an uneven 
configuration is formed ( drawing 18 (b)). 

[0111] Then, it heat-treats at 200 degrees C in the mask layer 7 by 
which patterning was carried out [ above-mentioned ], and the heights 7a 
is processed into roundish [ wore ] ( drawing 18 (c)). 
[0112] Then, on the mask layer 7 which performed the above-mentioned 
heat-treatment, it applies to the again same or thickness comparable as 
the process which shows a different photopolymer 8 to drawing 18 (a), 
and boom hoisting of a front face is smoothed ( drawing 18 (d)). 
[0113] And the photopolymer film 8 with which the front face is uneven 
is processed by photolithography processing so that it may become the 
same configuration as a pixel electrode. ( Drawing 18 (e)) . 



[0114] Furthermore, aluminum (aluminum) thin film is formed by the 
sputtering method as metallic reflection film 9 on the photopolymer film 
8 by which patterning was carried out. At this time, this metallic 
reflection film 9 will be connected to signal-electrode (ITO film) 2a 
through the contact hole 10 formed in a part of photopolymer layer 8 by 
the above-mentioned photolithography down stream processing. That is, 
the metallic reflection film 9 will function as a reflective pixel 
electrode as it is by this. 

[0115] Thus, by carrying out processing processing of the formed 
metallic reflection film 9 so that it may become a predetermined pixel 
pattern, reflective pixel electrode 5a is formed, the orientation film 
ingredient B later mentioned on the whole surface is applied further, it 
calcinates at 180 degrees C for 1 hour, and 3d of liquid crystal 
orientation film is formed. This completes tooth-back substrate 28c. 
[0116] By the way, after enclosing the above-mentioned coloring matter 
liquid crystal mixture between lamination and these both glass 
substrates so that angle of torsion of liquid crystal molecular 
orientation may become 360 degrees about the glass substrate with ITO of 
the pair which applied and calcinated the above-mentioned orientation 
film ingredient B on the above-mentioned conditions, when the pre tilt 
angle was measured with the magnetic field volumetric method, the pre 
tilt angle was 5 degrees. Moreover, when the pre tilt angle was measured 
like the above-mentioned orientation film ingredient B about a different 
orientation film ingredient A from the above-mentioned orientation film 
ingredient B, the pre tilt angle was 1 degree. In addition, even if not 
only selection of the ingredient of the orientation film but its 
component of a setup of a pre tilt angle is the same, it can also be 
performed by changing the reinforcement of rubbing processing etc. 
[0117] On the other hand, about above-mentioned front substrate 19a, 
stripe-like ITO film 2b is formed by formation and patterning of the ITO 
film on glass substrate lb, after that, the orientation film ingredient 
B is applied like glass substrate la by the side of the above-mentioned 
tooth-back substrate 28c, 180 degrees C is calcinated for 1 hour, and 
liquid crystal orientation film 3e is formed. 

[0118] And rubbing processing is performed so that the orientation 
regulation direction may become 360 degrees on the liquid crystal 
orientation film 3d and 3e of the above-mentioned glass substrates la 
and lb. 

[0119] Then, the glass bead spacer of 4.5 [mum] is sprinkled to either 
above-mentioned tooth-back substrate 28c and front substrate 19a, the 
adhesive sealant which mixed the glass fiber of 5 [mum] is screen- 



stenciled to it as a liquid crystal injection layer, and these both 

substrates 28c and 19a are stuck on it so that stripe-like ITO film 2b 

of the signal line (wiring) of tooth-back substrate 28c and front 

substrate 19a may intersect perpendicularly in the shape of a matrix. 

And liquid crystal 4 is poured in between both above-mentioned 

substrates 28c and 19a by the vacuum deairing. 

[0120] Next, the operation effectiveness is explained. 

[0121] Drawing 19 shows the electric - optical property of the liquid 

crystal cell produced by doing in this way. In addition, the driver 

voltage wave used at this time is a voltage waveform of l/240Duty, and 

l/8bias, and frame frequency is 40Hz. 

[0122] Drawing 19 (a) is drawing showing the electric - optical property 
of the liquid crystal cell when using the orientation film ingredient A, 
and drawing 19 (b) is drawing showing the electric - optical property of 
the liquid crystal cell when using the orientation film ingredient B. As 
shown in this drawing, in the thing using the orientation film 
ingredient B, the electrical potential difference on which the pitch of 
the spiral structure of liquid crystal molecule 4a begins to be extended 
is 2.3V, and although the orientation film ingredient A was used, 
compared with 2. 6V, it is low, that is, threshold voltage becomes low. 
[0123] Moreover, although the reflection factor at the time of off 
showed the reflection factor same in any [ of the orientation film 
ingredients A and B ] case, when, as for the reflection factor, the 
applied voltage of a liquid crystal layer became high by the thing of 
the orientation film ingredient B at the time of on and contrast was 
expressed by the ratio of a reflection factor in case applied voltage is 
OV and 5V, contrast was set to 5.3 by the thing of the orientation film 
ingredient B, and higher contrast was acquired compared with 3. 6 of the 
thing of the orientation film ingredient A. 

[0124] As for newspaper contrast, generally, it is desirable that it is 
about 5 and is the contrast beyond it in a reflective mold liquid 
crystal display. 

[0125] Thus, in this example, by changing the orientation film and 
raising the pre tilt angle of a liquid crystal molecule, the above- 
mentioned threshold voltage can be set up low and contrast can be raised. 
[0126] In addition, although the orientation film ingredient B with 
which the pre tilt angle of a liquid crystal molecule becomes 5 degrees 
was used with the gestalt 4 of the above-mentioned implementation, the 
same effectiveness will be acquired if the pre tilt angle of a liquid 
crystal molecule is within the limits which is 5 degrees - 20 degrees. 
However, since the reflection factor at the time of an electrical 



potential difference off becomes high while threshold voltage will 
become low similarly and the reflection factor at the time of an 
electrical potential difference on will become high, if this pre tilt 
angle becomes 20 degrees or more, contrast becomes low (refer to drawing 
20 ). For this reason, as for the pre tilt angle of a liquid crystal 
molecule, it is desirable that it is the range of 5 degrees - 20 degrees. 
Here, a setup of the pre tilt angle of the liquid crystal molecule in 
above-mentioned within the limits can be performed also by adjusting the 
reinforcement of rubbing processing. 

[0127] Moreover, although IT02a and the metallic reflection film 9 which 
are a signal electrode are connected with the gestalt 4 of this 
operation through the contact hole 10 opened in the photopolymer layer 
which served as the insulating layer, this metallic reflection film 9 
may be used as a signal electrode which serves as the reflective film. 
In this case, ITO film 2a as a signal electrode may not be formed in the 
photopolymer film 7 bottom. Moreover, it may leave the photopolymer 
layer 6 to the part from which the metallic reflection film is removed 
by patterning at this time. 

[0128] Moreover, although aluminum was used as metallic reflection film 
with the gestalt 4 of this operation, especially if it is the metal 
which has a uniform reflection property in a light field, and has a high 
reflection factor, it will not be limited to this. 
[0129] Furthermore, approaches, such as method vacuum evaporationo of 
slanting, are sufficient as the approach of orientation control in 
addition to the rubbing method. Moreover, although referred to as 5 
[mum] also about eel thickness here, a desired property can be acquired 
in 3-20 [mum]. 

[0130] Moreover, although the chiral agent was mixed in liquid crystal 
as an optically active substance with the gestalt 4 of the above- 
mentioned implementation, cholesteric liquid crystal is sufficient as an 
optically active substance. 

[0131] With the gestalt 4 of the above-mentioned implementation, 
although the case of 360 degrees was shown as angle of torsion, if it is 
the range of angle-of-torsion theta of this invention mentioned above (2 
pi<=theta <=5pi/2), it will not be limited to this. 
[0132] 

[Effect of the Invention] As mentioned above, according to this 
invention, it has an electro-optics property with the clear threshold 
from which the orientation condition of liquid crystal does not change 
even if off-bias is impressed, and a sufficiently quick optical response 
characteristic, the liquid crystal display of the bright display mode in 



which a low-battery drive is possible can be realized, and, for this 
reason, active components, such as TFT and 2 terminal component, can be 
used as a driver element of liquid crystal, furthermore, a thing 
equipped with the reflective pixel electrode which has the good diffuse 
reflection property formed so that a liquid crystal layer might be 
touched — homogeneity orientation — parallax — being small — bright 
— moreover — high — the high-reflective-liquid-crystal equipment of 
the low cost which has a contrast display property can be obtained. 
[0133] Moreover, since the pre tilt angle of the liquid crystal molecule 
which constitutes a liquid crystal layer constitutes the orientation 
film so that it may become the range of 5 degrees - 20 degrees, while 
being able to set up threshold voltage lower, further improvement in 
contrast can be aimed at. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the configuration of 
the transparency mold liquid crystal display with 2 terminal component 
by the gestalt 1 of operation of this invention, and the configuration 
(transparency mold) of an active component and the liquid crystal cell 
in the carried AWT mode is shown. 

[Drawing 2] It is drawing showing the production approach of a tooth- 
back substrate which constitutes the liquid crystal display of the 
gestalt 1 of the above-mentioned implementation of having an active 
component, in order of a process. 

[Drawing 3] It is drawing comparing and showing the electrical- 
potential-difference-permeability property in HWT mode and AWT mode, and 
drawing 3 (a) shows the electrical-potential-difference-permeability 
property in HWT mode, and drawing 3 (b) shows the electrical-potential- 
difference permeability property in AWT mode. 

[Drawing 4] It is the sectional view showing the configuration of the 
reflective mold liquid crystal display component by the gestalt 2 of 
operation of this invention, and the eel configuration (reflective mold) 
of an AWT mode eel is shown. 

[Drawing 5] It is drawing showing the production approach of the 
reflective pixel electrode which constitutes the reflective liquid 
crystal display of the gestalt 2 of the above-mentioned implementation 



in order of a process. 

[Drawing 6] It is drawing showing an example of the photo mask used with 
the making process of the reflective pixel electrode in the reflective 
liquid crystal display of the gestalten 2 and 4 of the above-mentioned 
implementation. 

[Drawing 7] It is drawing showing the reflection property of the 

reflective pixel electrode in the reflective liquid crystal display of 

the gestalt 2 of the above-mentioned implementation. 

[Drawing 8] It is drawing for explaining the measuring method which 

measures the reflection property of the above-mentioned reflective pixel 

electrode. 

[Drawing 9] It is drawing showing the electrical-potential-difference- 
reflection factor property of the reflective liquid crystal display of 
the gestalt 2 of the above-mentioned implementation. 
[Drawing 10] It is drawing showing the eel configuration of the 
reflective mold liquid crystal display with 2 terminal component by the 
gestalt 3 of operation of this invention, and drawing 10 (a) shows the 
structure where the reflector was contacted to the pixel electrode, and 
drawing 10 (b) shows the structure which carried out direct continuation 
of the reflector to the outgoing end of a switching element. 
[Drawing 11] It is drawing showing the electrical-potential-difference- 
reflection factor property of the reflective mold liquid crystal display 
of the gestalt 3 of the above-mentioned implementation. 
[Drawing 12] It is drawing showing the electrical-potential-difference- 
reflection factor property of the reflective mold liquid crystal display 
using TN mode cel. 

[Drawing 13] It is drawing showing the orientation change at the time of 
initial orientation and electrical-potential-difference impression by 
comparison in HWT mode and AWT mode. Drawing 13 (a), (b), and (c) show 
the initial orientation in H^T mode, the orientation condition at the 
time of minute electrical-potential-difference impression, and the 
orientation condition at the time of liquid crystal ON, respectively, 
and drawing 13 (d), (e), and (f) show the initial orientation in AWT 
mode, the orientation condition at the time of minute electrical- 
potential-difference impression, and the orientation condition at the 
time of liquid crystal ON, respectively. 

[Drawing 14] It is drawing for explaining the response characteristic of 
the liquid crystal cell in AWT mode, and drawing 14 (a) shows the 
response characteristic in d/p 0= 0. 99, drawing 14 (b) shows the 
response characteristic in d/p 0= 1. 1, and drawing 14 (c) shows the 
response characteristic in d/p 0= 0. 75. 



[Drawing 15] It is drawing showing the response characteristic of the 
liquid crystal cell in HWT mode. 

[Drawing 16] It is drawing showing the relation of the installation 
location of a light reflex layer and parallax in the conventional 
reflective liquid crystal display, and the above-mentioned relation is 
shown about the structure where, as for drawing 16 (a), a light reflex 
layer touches light reflex layer external structure, and drawing 16 (b) 
touches a liquid crystal layer. 

[Drawing 17] It is the sectional view showing the configuration of the 
reflective mold liquid crystal display component by the gestalt 4 of 
operation of this invention, and the eel configuration (reflective mold) 
of an AWT mode eel is shown. 

[Drawing 18] It is drawing showing the production approach of the 
reflective pixel electrode which constitutes the reflective liquid 
crystal display of the gestalt 4 of the above-mentioned implementation 
in order of a process. 

[Drawing 19] It is drawing for explaining the electrical-potential- 
difference-reflection factor property of the reflective liquid crystal 
display of the gestalt 4 of the above-mentioned implementation, and the 
thing ( drawing 19 (b)) using the orientation film ingredient B with 
which a pre tilt angle becomes 5 degrees with the thing ( drawing 19 
(a)) using the orientation film ingredient A with which a pre tilt angle 
becomes 1 degree is shown. 

[Drawing 20] It is drawing showing the relation of the pre tilt angle 
and contrast in the reflective liquid crystal display of the gestalt 4 
of the above-mentioned implementation. 
[Description of Notations] 
la, lb Glass substrate 
2a, 2b ITO film 

3a, 3b, 3c, 3d, 3e Liquid crystal orientation film 

4 Liquid Crystal Layer 

5, 5a, 5b Reflective pixel electrode 

7 Photopolymer Film (the 1st Layer) 

8 Photopolymer Film (Two-layer Eye) 

9 Metallic Reflection Film 

10 16a Contact hole 

12 Thin-film Diode (TFD) 

13 Ta (Tantalum) Thin Film 

14 Ta205 (Tantalum Oxide) Layer 

15 Ti (Titanium) Electrode 

16 Photopolymer Film 



18, 28, 28a, 28b, 28c Tooth-back substrate 

19 19a Front substrate 

20 Measurement Documentation 

21 Electric Eye 

22 Light Source 

23 Sample Stage 

24 Reflection Property of Light Reflex Layer 

25 Reflection Property of MgO 

26 Observer 

27 Optical Path 

101, 102, 103a, 103b, 104 Liquid crystal display (liquid crystal dispL 
component) 
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H W T K^^:i±-^*^^: y S^&i^«7«;^JiSJK 

(1) itnSe : 2Tr^e^5n/2 

(2) ■b;HI/S^,ti°->5^ : (2 0-7 
*61C. (1) (2) O^frTttfcU^TtSs AWT^- 

Ff^j^B^aT-ii. lEi^Epip^nrt^ epJiPiE*^rjfii 

U o f f /^V7X<i:LTEpj)P5-n51EAWmEJ.X 
TTStl«\ I^^^^mt±iEm^ 4 (a) tc5^-rt.(D<i: 

■6T)b^y fSg^Npr^ T d (oma i o o m s e c t\ nom 

it. 01 5tC^r-rHWT^-K(Cj5tt?.3 4 0ms e c 
icit^ 1 / 3 J-XTOBtr^iiSS C tfiliS* tiTl-^S., 
[0 0 4 8] SFJT4-243 2 26#i^aitC 

[0 0 4 9] dOjyp-trX^fflt^^i:. J5l>f^?SBl«5^ 

[00 5 0] z(oj;ivic:^mmc^nitt. of f jut 



EnJp-fnfcB$*)34!)TjSft<Di3lR)TO0^{b6^^L:5, o 

[0 0 4 2] mmmmo)mi^'y^ 

(PO) <!:-tr/UJl (d) i:a)J±lcJ:^TSfbcDtl:^!b^M 
01 4 (a) ~01 4 (c) ti. TOiiKD^n 
^|0^27T<!:LTv d/po^mtt^fcti^omi^ 

[0 0 4 3] c:©0*^ex d/po>1. 2<7)m 

iL-5±ti^*jt)mi^ctmti'^ (014 (b) MS) „ 

[0 0 4 4] ^tc. d/po<0. aom^lts off 

mmu +»sof ftt«i, ■o^^jm^aOimi&mt'^^^ 

4 (c) m) o 

[0 0 4 5] ^LTs ffii5Em3i<Dlttlft06^2 7T(7)lt^ 
ftfcL^Ttts AWTt- K<7)-;SB^B^IES)Rl^rS5d/ 
P0<feiiI/)^O. S^d/po^l. 2T-^?.c:i:!b't5J)b^ 

5 (01 4 (a) „ 

[0 0 4 6] ^fc. ±l3<!:ll^&;l^^itti^0^g{b 
[0047] 

(5ei) 

) /47T<d/po^0/27r (ji:2) 
14^* L. ®«ElgSlpJtg^:0^5L^«5^^- FOjiSB^B-b 

2iS?sl?&<!:'©Z^x-i- 7«?^M-;«B^B-b;b<t:ffl^^ 

[00 5 1] ?eic. Sif^jfitisiifitif^^-r^sw 

lI^tt®^}SB^Bl ig-r « J: o tt^fi)6-r 5 c i: cl; ^ 

h^«^i$if^^-r5ss<t^-;5jB^B^M^fizix h 
[0 0 5 2] J.xT^ *5SB^o*ffi£DffM=&0^coL^Ti^^ 

(*S5<7)fl5S! 1)01 it:^mm<Dmm(DWM 1 1cJcSJiS 

B^BS/T^ga*mB^-r5/c46(7)07-sys 01 (a) a^- 

©»iS^g5i*,iTL. 01 (b) liKiiKB^aS^^M^^fig 
(a) ~02 (e) li±IB-S>f0»<S<D^-6 2S?^? 
fits. 01 T-«jSH^B»?i:^fettfelSi:«EgiJLTl^S 

[0 0 5 3] 0^cfcl^T^ 1 0 1 ii:^mm(DWM(Dmi& 

(JXT. TFD^:t,l^7o ) 1 2^JfigL/i:tfHS*51 

mmmm^ 9i%#LTi^s„ ±l3»M^■-1'?^-K1 2 
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IJtlfcTa (^>'5f;U) IBiHl 3, Ta205 (Mit^ 
y^M Sifti^HI 4. St?T i (^^» 5jb^6 

T i mSl Stmt^^o I T0A^6&5iii«jSBM«i 

imm-(t- K 1 i-mmmmmwrni a ^a^T?^ 

B^aiBlRlli 3 a A^ffJfiE* tlTL^^o ±fBB5SS1S 1 9 5*1 
M3bAW^tlTl^5o 

[0 0 5 4] ^fcs ixsmm&m s-mmm&m 9 

©F^tCl*-;SB^B4A^ff?J$?nTt5U^ c:(D-;Sal4l*. ±iB 
18.19 i:<DW®gl5^J©jSB^B»?4 a A^ffia 

s<i:^^^^¥^T^^:i3[R]L/i:WT^- kt^^awt^- f 

(tSoTl^-So ^CX-my^^tcmia^t. ZLI-47 9 2 

jStt^J7£5:^j'r5/USJ<t: LT s - 8 1 1 

A'i^l. 6 5 [wt%] )lATrtlTl,^5o CCDB^ 

©•;«ai5J?iBiR]a)*i^ift0«x HI (b) \zmt^r>\z 

9 7T/4 [rad] (4 5)S) T'SU. J±$d/pol* 
0. 9 9T$5o ^ft. <%[H]fflt^/^:•;^gB^BT-^*^ ^ik^^ 
©'J^f-x-fv/a V (An • d) 1*3 9 1 [nm]T$ 

y . xmmm 5 c <!: ^ < j^B^i ^iiii-r 5 cfc 3 ic 

fii. dtt-b/HlT$5„ Sfc. XaliWEBffil 8(D7 

fci'V'^'i&fRi. X b itmmmm 1 9^7 ev-j'":^iR]7-$ 
[0 0 5 5] ;M^:$^^i:&•^^coL^Ti^^B^■r«o ftiDics 

K 1 2 ;&if tg LfuWES«g 1 8 <D^mi5miC 

^i^Tmmt^o sf\ i3^xm^^ a±^z^amm^ 
-hmii(Dmnmis.t^ m2 (a) ) „ 

[0 0 5 6] ;Mc. ISTa»li1 Sa^mmoWMtti 
alBISl 3^BlS,t^ (02 (b) ) „ 

[0 0 5 7] m^^T. ±tETamu^ sommicmmm 
imm^mu t a zosA^esssfeisii 4^*^600 
ty<^'7.[-n-h(Dmi!Eizmmt^ (02 (c) ) » 

[0 0 5 8] Ta20smmm-i 4±lCT\m^ 

x/^y'S"jy<^'mizj:vmmu s-tiicisi 1^57* 

ilffil 5^miS,t^ (02 (d) ) o c:+HCcfcy±lB 
:a~5XSS 1 a ±(c»^^-'f ^- F 1 2 6«*nSo 

[0 0 5 9] amic, I TOM<DfRfigSl?/\°^-->'?" 
lCcl;y±iBT i Bill 5<hoS/b^o/i:il^iiBM8l2 a 
^mmt^ m2 (e) ) o 

[0060] c:0j:-5tcLTf'^eiLfc«7XStg1 aO 
^SlCiSlP]ll«i|i4i:LT^rhT-AL45 52 (B* 



^0SizSh^±mS,^) ^m^Ls 1 8 0°CT-1il?fF^«fi)6L 
T. i^B^BiBlRllSSa^HJfiErSo 
[006 1] ±§BH?SS«g1 9tC-PlNTti. 

xs«gi b±it I Tom£0f^fi£st>v\°^--V'9-iCcfc»; 

Xh7'r:/«<DI TOM2b5fefi)6L. ^<^)^. ±HBS 
S*1igffly<D«~^XS1S1 aiill^lc. iBlR))l«i|i4i: LT 
;*-7FV-AL4 5 5 25mfliL. 1 8 0°CT 1 BfF^^i 

[0 0 6 2] ?-LT. ±IB«~5XSffi1 a, 1 b<D5iKB^H 
i3f&lK3a, 3bizmi^m^m\Pitj^&m^Jn/4 [ra 
d] <t:5:«J:7tC7e>'9'5aS*ff^o 

[0 0 6 3] ±iB=tfffiSfe 1 8StfMHS« 1 

9C0^^tiimz. 4. 5 [/i^m] 0«"5Xe-XX^- 
^^m^L. 5 [pm] (D«'5X77-f/^'5)lAL/cJg 
Jttt->-;U«5}ffiB^Bi>tlJ:®i: LTX^ iJ-yEPBiJLT. 
KP5St51 8s 1 95^SStg1 8©Taffl^$| (IB 
Jig) 1 3tHU®S*g1 9<7)Xh7'r':^«l T0Bi2bA^ 

vh'J^xi^tcii$5-r5J;-5ft!;y^to-tt5o ^lt. n 

S(W«tC<J;oT±IBMStg1 8. 1 9F^tc5lSB^B45jiA 
[0 0 6 4] :Mci'^fflJa)^tC-:3LNTSi^t-5o I2!3 

( b ) I* 3 <D<fc a tc LTf^S* tifc-;SB^B-b;KOtt«-^ 

^itttt^/TX-To CWElA^S^Ji^Scfc^tC, 2. 4 [V] 
^^t3fiT•B^5SSggffl1^tt55^L. EaiMEWTWo f f A 

'<7xmm-$tiTi^T'^iZs^^mz^mit^crsi\ 

fa. c:(OBtffll>/i:IEI(llE;fiJKli. 1 /2 4 0 D u t y 
1/8b i a s<D«E;fiJKT^y. 7U-AMl;fiittt 
80HzT£?.o CKD.!:^. m?S-^>LTo dB^IcJSb^b 
JilcEn/)D?tlSlE5Vo n. o f f Bt(Di«B^HEP*P«E 
f f iifSi:. Von/Vo f f (i{itJ2. OT 
03 (b) *^6t,»*^5cfc-5lCs +»^B^S?<!: 

[0 0 6 5] ±IB<!:l^^ftT1#6+lS. 7<77'^7m^ 
5* LS(,v;SB^B-b;KDl«-3t^*#ttTti. V o n / V 
o f f {* 1 . 0 7 i:^ y . }SB^B(D«E-Sji^?^tt<7)t: 

So 

[0 0 6 6] 2:«DJ;5lC**WJTl*x =tf®S*g18S 

i^Busssi 9F^tc»js?tis-;sB^B45. s^5SM^t^fi 

WjSB^B»^^4 a *^MSffiSSlC)l>fLiSTO(ciElRl L, *^ 

om^a^^4 a m^Tsmmizj:oT:-\imi5\^izm 
mm^n'omm.mmtLrc(D-^\ o f f^mT-so^mm 

0BE)bWB4{cEnJlPT*-tiTt. 013 (e) IOt^-Tc}: 
■5 It j«B^B»? 4 a OiHlR]6^flfln« C i: (iS < , fJfllE 
l.X±<DlEA^epJ)P* tlfcPtttS o TS]«6TTOS3i© fcf 
•y^6^iljItc#t/:jfe«6S (013 (f) ) „ c:0fc46s 
im^mEO^-fi-^ y <7 UVv-Hi. ±iBFsBfil«E5^tJ 

[0 0 6 7] ±IB(7)cl:^lCo f f:««TS«?S)t 
cDttEA^-;SB^BtcH]jp^tlT't. iSB^H^^^roiBfRlA^sfltiS 



(7) 
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[0 0 6 8] it^jS»HtcJ:y^C5TOi 

m(Dmify9 (po) i-b^m (d) oitt\ t&mm 
mmcoiii^m^e [rad] tt^m%^ (20- 

7t) /477<d/po^0/27T5J^/j:U AoTOg 
mcDtttl^e [rad] A''. 27t^ 0^57r/2O® 

jpt-^ c t ci: y . m^a^^i'com^m^miz^t^ c 

<!:<!:& Us $fcjSB^a'\OEl])jPSE5:!|-7L/cB$tcfi. t, 
[0 0 6 9] Sfc, cronssof^ftl-fli. ±iBTOiii 

(DitnSe^-. 9 7T/4iSmcLTl^«a)T\ 

[0 0 7 0] &3b\ ±IBIiai®ffJftl7-t*. 24S?m? 
Ta. Ta20sx T i ^ffll^T«figL/i:*^. ±IB2 

[007 1] Sfc. 2iS?^?^col^Tt±!BIIS6<DJfJ 
K U V -^'-^f / ^VX^ ^7 t^itoSL^o 3- 5 tt 2 ss?^? 

[0 0 7 2] ?6tC. i3lR|$iJ«ai(D:^aii. ^li'V^'SJ-X 

•:3C^T^*^:^:T-^i4. 5 [/jm] tLtctX 3~2o 
[0 0 7 3] ±imm<ommTit. ^^yS^i.'^K 

[0074] jSB^B»?(7)'J^-x-1'->a> (An 

• d) It. i^^BMlCXMLtcm^^ia^^omniZ'^l^ 

SdiiA^e^ An . d^7 0 0 [nm] . 5f$L<«. 
An-d^500 [nm] <^[Hlffll^/c-;i8j 
B^aSt/'MzyU/IT-tis A n • d = 3 9 1 [n m] T'SSfc 

[00 7 5] mmnwM 2 ) m 4 (s^sgB^o^sgwjK 

«l2tcJ:5)5l>fS-;]gB^B«/T^gS©*M^iJi0^-r5/c:46(7) 
HT-^y^ 0 5 (a) ~ia5 (f) (iiS-;iKB^Ba/T^gS=& 

[0076] HI 4 tCfeLNTv 1 0 2 li^HiftOJfJlOS 



Slits 5 a (i. 05 (f) tcS^-Tcfcdtc. ^{WM-^n 

o±icK^jtMgMoiHiiaj^^^:&j5iiSi-r 5 ct 3 9 < ffj 

K8±ttJKfi£?tin:A I (ZyUS^-i^L.) »^96^6& 
±fBWSS*g2 8€«^-r5«7XS«g1 att. 

<77-^7mf-ii^Lri^rj:i\ ^tr. ^om. m^t 

[0 0 7 7] Mz±tm^amm^^<o]s.mmnm(D^ 
[0 0 7 8] m^mmt lt i tois2 a mm 
me (fSn°pS : 0 F p R 8 0 0 m^tt^itmi) ^xtr 

VU— 5iT-Rff^(DMlS0. 5~1. 0 [Mm] /"cttMAi 
■rS (05 (a) ) „ 

[0 0 7 9] K^itttlS)iUi6 5. meizmtJi: 

(b) ) , 

[0 0 8 0] gSl,^Tx ±iB/\°^--V^'?*lfcVX^ii 
7 It 2 0 0 "CT-JnlftSaS^Sg ^ <DCiBP 7 a ^5tl^? 
«tffcJKt<ctcJ)PX-r5 (05 (c) ) „ 

[008 1] ^(Dm. ±SBJ)Pi&sasss6Lfcvx^i7 

±lt^S|5|-gL<t*SS5^3tMl8^. 0 5 

(a) iZTjktxmtmmmo^m^icm^u sso^tt 

^;i5!bnc-r5 (0 5 (d) ) o 
[0 0 8 2] ^LT, ^(^aSA^iSEHC^QTL^^^Jt 

>Jv<^'^y'f-mmizJi:Vmxt^ (05 (e) ) „ 
[0 0 8 3] ?6lCv 

8±lC^SSlitll9<!:LTA I (Z/bS^-i^i*) 

m 9 it. ±iB7 * h "J y 7 7 ^ -sasifiT-^3ttt*s 

fllS8CD-g|JlCJTM?tlfca>'JJ^7 h*-/H O^^L 
Tfi^lfii (I TO^) 2alzmmin^ci:trji:i,, 

ii^\zji:ij&smm9{t'?:m^mmmmmtLT 
Mm 9 ^pfi^omm/ - > ics 5 j: 3 jpisaa-r « c 

<!: tc J: y . SMli^ttS 5 a ^fl^fiK ^ffltc-;SB^BiB|p] 
M3 c^JKfieLTfe™«g2 S^^figfSo 

[0 0 8 4] "irLTca^mmmmms a^^t^=^m 
»« 2 8 tmrnmrn ^9t^.m^ mmmtmmrj::^}^ 
T-ai; y ^t>^s mmmsizmFa 4 ^ax lt jSB^BS.T^« 
?i 02^'fmt^. 
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[0 0 8 5] ^>:^cfpffl3a^^^:ol^Tif^Bfl■r5, I2i7(*± 
mmmmmm s a (omm^^TTi u ms ^mm^ 

[0086] ±iim^it(Dmmt. m 8 icmt^5 tc 

±iBW®S«2 8^;l^«!|i42 0 1 LT+^v:^;bXx- 

1S2 8CDSET-Sl**tircit*. §3tS2 1 T'^^iiiLT 
^T^o S/iCKDiSiJ^lis §7^812 15. ;lS«i|i42 0« 

it. mm'^mMnn2 oa^mcmnbizAm^im 

(Mgo) a)mm^&^^ 0 0 [%] tLtc. mfi^ 
6. Al>f:^iPitcj^L3 ogiXF«g^c3i^,^sw^te^/^^L. 

*^5„ ^fc\ 2 4{i±lBSI«^lffi (JtlSI*®) 5 a 
©SWfttt^ 2 5 l*M g OSSCDj5lif!|ttt7-$^o 
[0 0 8 7] ^/cs J:0-;Sb^bS/TT^?T(*^ ^l^3l5<D^^^f 

[0 0 8 8] t*-6tc. m9it. SW^iSreS/T^^S 1 0 

2©aM-7t!^fttt*/T^LTJ5y. croiftt*^^. 

[0 0 8 9] iI(^c}:5lcSS(S<DfBS§2T-(*. ±smm(D 

mm 1 tmmm^mmo^-fi-s. ^ u vi/:&s!l5L^igil 

[0 0 9 0] :^mm<DBmvit. mmm^m^tc 
^mrss I TO 2 a t±mmm9tmmmz 

m^mmtLT(0\ T0(l2a^ffML^<Tt.*^Sto 

[009 1] S/c. *ll]5S(7);i5ftl7-li^SSWK<!: LT 
A I ^ffltN/c*\ Rr^M^i§ET-l^-^SW!tttt^*L*^ 

[0 0 9 2] (l|]5g(OJRXl3) mi 0 (a) «*?g0^<Z) 

(DmmmT'Si^o miz^si^T. i o 3 a i*. :^mm(Dm 



mommmmm 5 a «ffll^fc 2 ils??l^^^t©sl^SJSj 

B^B«/T^gaT$y^ ^OWSS<g2 8alc(i, j^Bl^lE 
tt-r5/i:4607^7x^-^-^?i:LT-3l)S^f-l':i— K1 2 
tmmt\-Zl^?>. CCT. ]5iHilgmffi5a«. »)1 
^'T:*— K1 2Rt>'ffl^m:^2a±tCRM*tl/c. 
i^eiiaJK^^OSEitttfflflgMl 6t. ^©±tcjRfi!6*tlfc 

±tM^\^mmm i 6 izmm^i^ntc^yf o i 

6 a ^^LT±SB<t#ffl1S2 a <i:jgiSj!?tiTL^«o & 
m 2 (OUSS^JiJ Ifl:^, 7 * h U V 7 -Sasic J: y 

t O <!: r 5 2 ^ @ ©iiJttt^Hg^t ^^Tl^ 
«o ^LT^Ofa. l2I4<!:|lI-?5^5<TfL/-ct,(Df*. ± 

[0 0 9 3] ^/c. *IISi15iJOSW^jKB^BS5^^S<7)^ 
3i^iJ-XT(7)c^:•5l^:^7eo 
[0 0 9 4] S-fs 132 (a) ^l^Llil2 (d) iZWt 

:i— F1 2^JKfi)6Ls *6l::ll2 (e) iCS^-Tct^lC I 
TOK2a:&ffl^B®<!:LTJKfi)6-r5„ ^CD^. HIS 

(a) &u^Lla5 (f) iZTntxmtmmcommizja 
V. ±tEmm^^t-\^'^ 2Rxfm^mm2a±ic±fi 
mmmm^ 6. &s»ffi9 5ii;^ffM-r5o 

T. ±i3:d7XSSl aCD^HtcjSB^BiB|pI^3a5ffM 

u i3IRlSas?^T■pTWES^g2 8a^^^ie■r5„ 

[0 0 9 5] ^O^li. ±iBW®S1g2 8 a i:BuSS1g 

mMSitm^B 4 * ;±A LTj^^B^Ba/T^^? (i^^BlS/T^g 
M) 1 03a:&{lFii-r5o 

[0 0 9 6] ;A^^:{'fffl5a^^cot^Tl^^B^■r5o 

[ 0 0 9 7 ] 0 1 1 it±mm^am7r^m^ i o 3 a oae 

TN (twisted-nemat ic) ^- K^fflt^ 
fi:Jg|*S-;SBia.T^gB©lE-j5l>f$!|$tti:JtSi-r« 

(7)Jg«S?SB^B^/T^gafl):&*^A^& y B^5t^«5^ (B^Bt 8 

0%) m^^n^ntmt'^^. 
[0 0 9 8] z<Dj:z)iz:^mm(Dmmvi,t. x-r-y^^v 
^^■^^^^fflL^Ti^5fc46v ±s5mm(Dmm2tit^7:. 

Si:l^-5S*i^*^$5„ t/c. ±!B*S!E<DJTJ^2(DJ:7 
h^«^i|ttt^=^-r5Slit^i«B^BgS^ffi=iX hlCT?# 
[0 0 9 9] tjaSS. 010 (b) ti. ±i3l6iScOJfJ»l 3 
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nms bit. mm<Dmm3a)mmfB^m^m^ o 3 a 

±^Emm^mmmm 1 0 3 a ^:S^oT^,^«„ 

[0 10 0] osy, c:a)j5iif-;«rB«5^gsi 0 3 bT- 

;H ea^^LTS^^VTl— K1 2(DT ifflffil 5tC 

[0101] c(D]5it;«Bis^g»i 0 3 bo^^ysm 

\t. mi (a) &L^LE12 (d) tC/T^-ri®<!:[il«©ffl 
mLtcm. mi-^rms (a) ^L^LE15 (f) tOTTTl 

*'±f BUSfitDHJ » 3 © t. 0) <!: Q T 5„ 

[0 10 2] ^(D^orj:mm(omm<omm3(D^wMit 

[0103] (.mmomm 4 ) n i 7 {t:^mm<omm(D 
mm 4 ic J; si^^-^B^Ba/T^gscD^Sfig^iKB^-r § /-c46 

(DmT&V. 017 (a) tt^cOMiii^S^U mi 

7 (b) imi^¥Bm.mmmmt^-ti(omm^[^ 

V'?':&lRl^/T^LTl,^^o Ell 8 (a) ~E11 8 (f) 1* 

x^xmrnzmmmmT-^^. &3b\ mi iT-im^s 

Ts 1 0 4ti*||SgO?gft|<7)JglifS-;SB^Bg^gS7\ » 
®6<iaE]J^t*c(7)3tSW^ 5 a ^Wr5tfE»*g2 8 c 

c:otfas<S2 8c±tcc:nicS>fLTiBiS*nftHu 

®WS1 9a<!:5*LTl^«<, 
[0 10 4] ±fB7tJ5Wl 5 a ti, 018 (f) mm 
cfc^lc, eiIHlffJ1^?J#^J;9/\°^--V'?-L/cmiJig 

wt- « J: 3 » < jijfiEJ^fcm 2 ^ a (om^ttmmm 

8. SlfK^Jtttfflflgl8±li:fKfi2*n/i:A I (7;U5 

miJ'7Xmm^ aMzlt. ±iB)5l«^15a5SoT 
?SB^BieiR]K3d*«TtnTL^5„ ±iBBuES«51 9 a 
«-*M-r5«7X«tSl b±lj:ti. X h7-r:/tt© I T 

0^2 b6M*+i. ie>iczn^mo-^vMm^B 

SBlR)M3e*«*+iTC^5o 
[0 10 5] Sfc. ±iBWES1S2 8 cSy-'tuSglSI 
9 a (7)F^(C«>ga^B 4 3b^j3)5Jt* *ITJ5 U . C (Dm^s 4 
±§Bil«tS 2 8c. 19a tom^^O}&^B^^ 4 a 

t ^^¥^T^ciBlPl l /c w t ^ - -s a w 

T^-Kir^-^TL^So c:o*2iOffM4rti. ±lBj« 

B^aiEiRi^ 3 d , 3 e (Diimm'^ =y\f.y f^mmmm 
iCc!:yj«Bl»?(7):/"U5^/u hft^ii^SLTJjys jSa^a^j 

[0 10 6] CCT-ffll^ftj^B^Bttx Z L I - 4 7 9 2 



Th'^mx'^^i2^=ym\t LT s - 8 1 1 (p</u^as 

A^i^ 1 . 6 5 [w t %] jlA^tlTL^So 
[0 10 7] COIit<^jRB^B»?iBlR]<Dtei;tlft0t*. El 
17 (b) iC/T^fcfcdtCSeO" d/po«{i 
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?*ifc«7;^Sffil a±tCiieifel^«i1a/i:g5itMgK 
6 (iSn°p«i : O F P R 8 0 0 ^-p^rnXsMi tf V 
=1— S^m^(7)KII0. 5~1. 0 [/L/m] /c'tt^flJ-r 
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[0 113] ^LT. ^(OaE*^Ci[HHC^oTC^SMJt 

'jy^^^^-r-sasicjcyijpx-r^o (mi 8 

(e) ) „ 

[0 114] ?6tC. /\°^-->y?tl/i:^7teMg^ 
8±lc^jSSWM9i:LTA I (yyb---;?/^) SH* 

^ 9 ±fB7 =J- h 'J V ^^'5 7 1- -JQSliST-^Ttttffl 
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[012] T N \^--b)\y^ffii^rcmmm^Bmm^m 

[01 3] ?7]WlRl«Sli:tEEnllPBtOiBlR]S^k^HW 
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